A "feet digging" method for sampling the sandy beach bivalve Donax deltoides was evaluated by 7 comparison to quadrat-based results from eleven beaches in subtropical eastern Australia. The method was 8 developed from a recreational fishing technique that involves twisting one's feet into the thixotropic sand to 9 dislodge buried clams which are then recovered by hand. Several plots are sampled across the swash zone in 1 0 one five-minute sampling unit and the process is replicated at several locations along the beach. Mean feet 1 1 digging clam counts were proportional to mean transect linear clam densities (r = 0.98). Clam length-1 2 frequency distributions from feet digging were similar to those from quadrat sampling except that feet 1 3 digging was not effective for clams < 16 mm. Feet digging counts are sensitive to both across shore (tidal) 1 4 and alongshore variation in clam abundance and were less precise than those from quadrat-based methods 1 5 (CV 1.2× larger). However, feet digging is fast and the method should be useful for low cost surveys of 1 6 Donax deltoides and similar "surf clams". 1 7
6
times (Table 1) . Surveys were performed in all months except for March and May. D. deltoides was 7 7 commercially fished on South Ballina and Ten Mile beaches during this study (Gray 2016b (Gray , 2016c pers. 7 8 obs.). Each beach was sampled with ten transects, equally spaced along the length of the beach starting at a 8 1 random offset from the southern end (distance 0 km). These were the same transects that were sampled in 8 2 Totterman (2019b). Sampling occurred over several days because no more than two transects could be 8 3 sampled during one low tide period. No particular attention was given towards spring-neap or semi-diurnal 8 4 variation in the tidal range. D. deltoides undergo tidal migrations and seem to optimise their across shore 8 5 location relative to varying beach conditions (Totterman 2019b). Level one was at the drift line, levels 2-4 were equally spaced in the intertidal zone, level five was at the top 9 0 of the low tide swash zone (at the average limit of swash run up), level six was in the middle of the swash 9 1 zone and level seven was at the bottom of the swash zone (average limit of backwash) (Figure 2a ). Three 9 2 replicate quadrats were sampled in a direction parallel to the shoreline at each of levels 1-6, with five paces 9 3 between quadrats. Excavation of large quadrats underwater is impossible and three feet digging plots were 9 4 sampled in place of quadrats at level seven (see below). Transects were measured with a marked rope.
5
A square, sheet metal, 0.1 m 2 quadrat (sides 31.6 cm long and 10 cm deep) was used (James and Fairweather 9 6 1995). Sand was excavated first to 10 cm and then separately from 10-20 cm. A hand shovel was used for 9 7 gauging the 10-20 cm depth. Excavated material was washed through 6 × 6 millimetre plastic sieves using 9 8 buckets of seawater except that finger raking (James and Fairweather 1995) was used to rapidly inspect the 9 9 10-20 cm depth in saturated sand, where the sides of the quadrat hole were prone to collapsing. Finger 0 0 raking was also frequently used for the 0-10 cm depth in the swash zone, where waves disrupts sampling 0 1 efforts. Clams were measured with callipers to the nearest millimetre (maximum shell length) and then 0 2 released. Clams broken at the edges of the quadrat and not measurable or any clams washed away in the 0 3 swash zone and lost were added to the count of those measured.
4
Clam band sampling was performed together with each transect. Quadrats were sampled across the same 0 5 levels as any clam aggregation intersected by the transect (Figure 2a ). If no aggregation was found then clam 0 6 band sampling was performed at the same levels as any bands present in adjacent transects (Owner and 0 7
Rohweder 2003). Four replicate quadrats were sampled immediately north of the transect, along an 0 8 approximately 45 degree diagonal across the middle of the clam band and three quadrats were sampled 0 9 immediately south (total 4 + 3 = 7 quadrats per band),with five paces between quadrats (Figure 2a ). Fairweather 1995). Large and more firmly anchored clams can be felt with the feet and recovered by hand.
7
The area sampled by one feet digging plot is approximately 0.1 m 2 and the depth is approximately 10 cm.
8
Eighty feet digging locations were sampled on each beach, with equal allocation to each of four tidal stages: 1 9 high (± 2 h), ebb (from high + 2 h to low −2 h), low (± 2 h) and, flow (from low + 2 h to high −2 h).
0
Locations were selected randomly with replacement from sampling grids with 100 m (for short beaches < 4 2 1 km) or 200 m along shore intervals. Any repeated locations were sampled on different days.
2
Feet digging effort was fixed at five minutes per location. Individual feet digging plots were sampled in an minutes was considered sufficient to sample the width of the swash zone, long enough for timing errors to 2 7 be negligible and short enough to prevent observer fatigue. Clams were measured and counted as for The basic sampling unit for this study was the transect/clam band/feet digging location and mean clam 3 4 abundances were measured at the beach scale (i.e. mean density/count per transect/band/feet digging 3 5 location).
6
Linear densities were calculated by linear interpolation and integration of level densities across the length of cumulative distribution functions and is sensitive to differences in shape, location and scale between 5 2 samples. P-values from these multiple comparisons were adjusted using the procedure of Holm (1979) . used the R package kSamples version 1.2.4 (Scholz and Zhu 2016).
5 5
Results

6
Correlations between transect, clam band and feet digging mean counts and linear densities were linear, The along shore distribution of clams was strongly aggregated on all beaches. Variance-mean relationships Feet digging counts indicated that D. deltoides was present in the swash zone throughout the tidal cycle 6 5
( Figure 4 ). Despite these tidal migrations, seasonal zonation patterns were apparent on some beaches with 6 6
higher counts occurring towards low tide in summer at South Ballina (Figures 4a, 4b) and Wooyung ( Figure   6  7 4j) or towards high tide in winter and early spring at Wooli (Figure 4d ) and South Ballina (Figures 4f, 4g) ,
but not at Seven Mile (Figure 4e ). Correlations between separate high, ebb, low and flow tide feet digging 6 9 mean counts and linear densities were r = 0.82, 0.90, 0.92 and 0.96 respectively (mean r = 0.90).
0
The large number of feet digging plots sampled on each beach (mean 16 plots × 80 locations = 1280) be preferable that the bulk of the clam population is present in this zone and it must be assumed that the approach an asymptote at very high densities, i.e. mean five minute counts would not be proportional to to true abundances may be more sensitive to the sampling design rather the sampling method. Key elements 1 8 of a robust abundance sampling design for surf clams are: 1) identification of the target population, 2) Figure 1) . Each beach was sampled with 10 transects in the months indicated 9 9
(South Ballina was sampled on four occasions). Latitude is given for the southern end of each beach. Beach morphodynamics 0 0 from Short (2007) are, in order of increasing energy: LTT = low tide terrace, TBR = transverse bar and rip, RBB = rhythmic bar 0 1 and beach. Medium sand has a grain size 0.25-0.5 mm on the Wentworth scale. Measurement of these physical variables is 0 2 described in Totterman (2019b). 
